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Incident light is refracted by a planar plate 
(30) which is fixedly slanted with respect to the 
optical axis, before being imaged on an image 
receiving surface of an image sensor (10). The 
planar plate (30) rotates about the optical axis 
or an axis parallel to the optical axis. In accord- 
ance with the rotational movement of the planar 
plate, the incident light imaged position moves 
on the image receiving surface of the image 
sensor (10). Light portions originally imaged on 
gap areas between neighboring light pick up 
elements of the image sensor (10) move into the 
light pick up elements. The image sensor can 
therefore pick up those image portions which 
are originally imaged on the gap areas and 
therefore which may not be picked up by the 
image sensor. Picking up an image every time 
when its image position moves and composing 
thus obtained images by the composing device 
(70) can obtain a high quality image which has 
little area of image portions which are imaged 
on the gap areas between the light pick up 
elements and therefore which are not picked 
up. 



o 

LL 




LU 



1 



£P 0 627 848 A1 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a solid-state im- 
age-pick-up device for obtaining a high quality image 
with the use of a solid-state image sensor comprised 
of a plurality of light pick-up elements. 

2. Description of the Related Art 
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A solid-state image sensor employed in a solid- 
state image pick up device has a plurality of solid-sta- 
te light pick up elements arranged both in the horizon- 
tal and vertical directions. Each of the plurality of sol- 15 
id-state light pick up elements stores an electric 
charge corresponding to its received picture element 
light ray, and transfers the stored electric charge to a 
nearby light pick up element to thereby pick up an im- 
age. The image resolution obtainable by the solid-sta- 20 
te image pick-up device therefore depends on a den- 
sity at which the plurality of light pick up elements are 
arranged. 

There is known a solid-state image pick up device 
for obtaining a high quality image with the use of the 25 
solid-state image sensor as described in Japanese 
Unexamined Patent Application Publication KOKAI 
No.3-276981. As shown in Fig. 1, the solid-state im- 
age pick up device 200 includes a lens 201 for con- 
verging light from an object to be imaged, a solid-sta- 30 
te image sensor 202, and a pair of transparent refrac- 
tion plates 203 and 204 located between the lens 201 
and the solid-state image sensor 202. The transpar- 
ent refractive plates 203 and 204 are mounted on 
stepper motors 205 and 206. respectively. The step- 35 
per motors 205 and 206 are driven by a driving circuit 
208 to stepwisely rotate the transparent refractive 
plates 203 and 204. Due to the rotations, the refrac- 
tion plates 203 and 204 slant relative to the optical 
axis of the lens 201 so as to refract light from the lens aq 
201 in two directions to thereby shift a position, on the 
image sensor 202, at which the light ray focused or 
imaged by the lens 201 reaches. Generally, the im- 
age sensor 202 may not pick up portions of a light im- 
age that reach boundaries or gap areas between 45 
neighboring light pick up elements. However, thus 
shifting the positions at which light is focused on the 
image sensor 202 enables the image sensor 202 to 
pick up those image portions which will be focused on 
the gap areas if the plates 203 and 204 are not pro- 50 
vided. The image sensor 202 is driven to repeatedly 
pick up the received images in synchronism with the 
stepwise rotation of the refraction plates 204 and 205. 
A plurality of images thus picked up by the image sen- 
sor are composed or synthesized into a final image in 55 
an image signal processing device 207. The final im- 
age is then outputted from the device 207. As a result, 
a high resolution image with little areas of unpicked 



image portions is obtained. 

In this conventional solid-state image pick up de- 
vice 200. however, even slight rotations of the refrac- 
tion plates 203 and 204 induce a large shift of the 
light-focused position on the image sensor 202. It is 
therefore necessary to finely control the rotation .an- 
gle of each of the refraction plates 203 and 204. For 
example, if thickness t and refractive index n of each 
refraction plate are 2 mm and 1.5, in order to obtain 
a shift amount x of 5 \im by each refraction plate, the 
refraction plate has to be controlled to rotate by only 
0.4 degrees. The stepper motors 205 and 206 there- 
fore require a high mechanical accuracy for finely 
controlling the rotation angle of as small as 0.4 de- 
grees. 

Additionally, the conventional solid-state image 
pick up device 200 has a large size provided with the 
two refraction plates 203 and 204 and the two stepper 
motors 205 and 206. 

SUMMARY OF THE INVENTION 

It is therefore, an object of the present invention 
to overcome the above-described drawbacks, and to 
provide an improved solid-state image pick up device 
that enables to pick up an image of a high quality re- 
solution with an easy operation and with a simple 
structure. 

These and other objects of the present invention 
will be attained by providing a solid-state image pick 
up device for picking up an optical image, comprising: 
an image sensor having an image receiving surface; 
an optical system for imaging an incident light, which 
bears thereon an optical image, on the image receiv- 
ing surface of the image sensor; a transparent planar 
plate provided with two opposite planar surfaces par- 
allel to each other, the transparent planar plate being 
located in front of the image receiving surface of the 
image sensor and slanted with respect to an optical 
axis of the optical system by a predetermined slanted 
angle for refracting the incident light from the optical 
system; drive means for rotating the planar plate 
about one of the optical axis and an axis parallel to the 
optical axis by a predetermined rotational angle while 
maintaining the predetermined slanted angle; and 
composing means for composing, into a final compo- 
site image, a plurality of optical images each being 
picked up by the image sensor every time when the 
drive means rotates the planar plate by the predeter- 
mined rotational angle. 

The drive means preferably rotates the planar 
plate about the optical axis to successively locate the 
planar plate at a plurality of rotational positions, and 
the image sensor preferably picks up the plural optical 
images formed at the time when the planar plate is lo- 
cated at the plurality of rotational positions. 

Preferably, the image receiving surface of the im- 
age sensor is located normal to the optical axis and 
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has a plurality of light pick up elements arranged 
thereon. The planar plate may be slanted with respect 
to the optical axis to form the predetermined slanted 
angle 8 defined between the optical axis and a normal 
line normal to the planar plate satisfying the equation 

A = dsinQ (1 - -_£222 — ) 
Vn 2 - sin26 

where d and n are thickness between the op* 
posite surfaces and refractive index of the planar 
plate, to thereby cause a plurality of image portions 
constituting the optical image formed on the image 
receiving surface that are originally located equidis- 
tant from each of the plurality of light pick up elements 
with a distance A to enter the corresponding light pick 
up element to be picked up thereby. 

The drive means may rotate the planar plate 
while maintaining the predetermined slanted angle 9 
to successively locate the planar plate in the plurality 
of rotational positions where a directional plane of the 
planar plate, along which the normal line and the opt- 
ical axis both extend, extends in a plurality of direc- 
tions corresponding to the rotational positions, to 
thereby successively cause a plurality of image por- 
tions constituting the optical image formed on the im- 
age receiving surface that are originally located equi- 
distant from each of the plurality of light pick up ele- 
ments with the distance A in the plurality of directions 
to shift and enter the corresponding light pick up ele- 
ment to be picked up thereby. 

According to another aspect the present inven- 
tion provides a solid-state image pick up device, for 
picking up an optical image, comprising: an image 
sensor having an image receiving surface, on which 
a plurality of light pick up elements are arranged with 
a predetermined interval; an optical system having an 
optical axis for introducing thereaiong a light beam 
bearing an optical image thereon to the image receiv- 
ing surface of the image sensor, the optical system 
forming the optical image on the image receiving sur- 
face in such a state that a plurality of picture elements 
constituting the optical image are arranged to be lo- 
cated equidistant from at least one of the plurality of 
light pick up elements with a predetermined distance 
in a plurality of predetermined directions; a transpar- 
ent planar plate having two opposite planar surfaces 
parallel with each other, the transparent planar plate 
being located between the optical system and the im- 
age sensor for receiving the light beam from the opt- 
ical system and guiding the light beam to the image 
sensor, the transparent planar plate being slanted 
with respect to the optical axis by a slanted angle de- 
termined dependently on the predetermined distance 
so as to refract the light beam to shift the picture ele- 
ments formed on the image receiving surface by a 
shift amount equal to the predetermined distance; 
drive means for rotating the planar plate about one of 
the optical axis and an axis parallel to the optical axis 



while maintaining the slanted angle to locate the pla- 
nar plate in a plurality of rotational positions deter- 
mined dependently on the plurality of predetermined 
directions, the planar plate located in each of the plur- 

5 ality of rotational positions refracting the light beam 
in a corresponding one of the predetermined direc- 
tions by the predetermined shift amount to thereby 
cause the picture elements to enter the correspond- 
ing at least one light pick up element; control means 

10 for controlling the image sensor to pick up the picture 
elements which are caused by the planar plate locat- 
ed in each of the plurality of rotational positions to en- 
ter the corresponding light pick up elements; and 
composing means for composing the picture ele- 

15 ments picked up by the image sensor into a final com- 
posite image. 

Preferably, the optical system forms the optical 
image on the image receiving surface in such a state 
that the plurality of picture elements are located equi- 

20 distant from the at least one -light pick up elements 
with the predetermined distance A. The planar plate 
is preferably slanted with respect to the optical axis to 
form the slanted angle 9 defined between the optical 
axis and a normal line normal to the two opposite sur- 

25 faces of the planar plate satisfying the equation 

A = dsinQ (1 - , cos9 ) 

W-sin20 

where d and n are thickness and refractive in- 
dex of the planar plate. 

30 The drive means may rotate the planar plate to lo- 
cate the planar plate in each of the plurality of rota- 
tional positions where a directional plane of the planar 
plate, along which the normal line and the optical axis 
both extend, extends along a corresponding one of 

35 the plurality of directions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 

40 vantages of the invention will become more apparent 
from reading the following description of the preferred 
embodiment taken in connection with the accompa- 
nying drawings in which: 

Fig. 1 is a perspective view of a conventional sol- 

45 id-state image pick up device. 

Fig. 2 is a perspective view showing a structure 
of a solid-state image pick up device of an em- 
bodiment of the present invention; 
Fig. 3 is a sectional view taken along an optical 

50 axis Z of Fig. 2; 

Figs. 4A and 4B are a perspective view and a plan 
view both schematically showing how light pick 
up elements are arranged on an image-receiving 
surface 9 of an image sensor 10 of Figs. 2 and 3; 

55 Figs. 5A and 5B are a perspective view and a plan 

view both schematically showing how an optical 
image consisting of a plurality of picture ele- 



5 



EP 0 627 848 A1 



6 



ments a - p are imaged on the image-receiving 
surface 9 of the image sensor when a glass plate 
30 is not provided; 

Figs. 6Aand 6B are a perspective view and a plan 
view both schematically showing how the picture 5 
elements a - p are imaged on the image-receiv- 
ing surface 9 of the image sensor when the glass 
plate 30 is located in a first rotational position (I); 
Figs. 7Aand 7B are a perspective view and a plan 
view both schematically showing how the picture 10 
elements a - p are imaged on the image-receiv- 
ing surface 9 of the image sensor when the glass 
plate 30 is located in a second rotational position 
(ID; 

Figs. 8A and 8B are a perspective view and a plan 15 
view both schematically showing how the picture 
elements a - p are imaged on the image-receiv- 
ing surface 9 of the image sensor when the glass 
plate 30 is located in a third rotational position 

(in); 20 

Figs. 9Aand 9B are a perspective view and a plan 
view both schematically showing how the picture 
elements a - p are imaged on the image-receiv- 
ing surface 9 of the image sensor when the glass 
plate 30 is located in a fourth rotational position 25 
(IV); 

Figs. 10A through 10D are plan views of the pla- 
nar plate 30 located in the four rotational posi- 
tions (I) - (IV); 

Fig. 11 illustrates how the picked up images are 30 

composed into a final image; 

Fig. 12 is a sectional view showing the manner 

how incident light is refracted by the glass plate 

30; 

Fig. 1 3 schematically shows how the light pick up 35 
elements are arranged on the image-receiving 
surface 9 of the image sensor according to a 
modification of the present invention and how the 
optical image is formed on the image-receiving 
surface; 40 
Fig. 14 is a sectional view of a characterized part 
of a solid-state image pick up device of another 
modification of the present invention capable of 
picking up color images; and 

Fig. 15 is a sectional view showing a structure of 45 
a solid-state image pick up device of a further 
modification of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 50 

Referring to the accompanying drawings, a pre- 
ferred embodiment of the invention will be described 
wherein like parts and components are designated by 
the same reference numerals to avoid duplicating de- 55 
scription. 

A structure of a solid-state image pick up device 
of the embodiment will be first described below, with 



referring to Figs. 2 and 3. The solid-state image pick 
up device 1 of this embodiment includes: a solid-state 
image sensor 10 having an image receiving surface 

9 for picking up an incident light image; a converging 
lens 20 for imaging the incident light image onto the 
image receiving surface 9 of the image sensor 10; a 
transparent glass plate 30 located between the con- 
verging lens 20 and the image sensor 1 0 for transmit- 
ting therethrough the incident light image from the 
converging lens 20; and a cyiindrically-shaped rota- 
tional stand 40 for fixedly mounting the planar glass 
plate 30 therein so that the plate 30 is slanted with re- 
spect to an optical axis Z of the converging lens 20. 

The solid-state image sensor 10 is a charge- 
coupled device image sensor (CCD image sensor), 
for example. The image sensor is located so that the 
image receiving surface 9 is positioned on a focal 
plane of the lens 20 that extends along an X - Y plane 
normal to the optical axis Z. The image sensor 1 0 has 
a plurality of light pick up elements arranged on the 
image receiving surface 9 each for picking up light re- 
ceived thereon. In the case where the image sensor 

10 is a CCD image sensor, for example, the image 
sensor is made from a silicon substrate. A plurality of 
electrodes are arranged on an insulating oxide layer 
provided over the silicon substrate. Each of the plur- 
ality of electrodes therefore defines each of the plur- 
ality of light pick up elements of the image sensor. 

The transparent glass plate 30 has two opposite 
planar surfaces extending parallel to each other. In 
other words, the plate 30 has a uniform thickness. 
This plate 30 will be referred to as a "planer plate 30," 
hereinafter. 

The device 1 further includes: a stepper motor 50 
for rotating the rotational stand 40 about the optical 
axis Z; a memory device 60 for storing a plurality of 
images repeatedly picked up by the image sensor 1 0; 
a composing device 70 for composing the plurality of 
images stored in the memory device 60 into a final im- 
age; and a control device 80 for controlling timings at 
which the image sensor 10 picks up the incident light 
image, a driving operation of the stepper motor 50, 
etc. 

According to the present embodiment the trans- 
parent plate 30 is mounted in the rotational stand 40 
in such a state that the plate 30 is fixedly slanted by 
a predetermined slanted angle 0 with respect to the 
optical axis Z. The rotational stand 40 is rotatable 
about its rotational axis which extends along the opt- 
ical axis Z. The rotational stand 40 can therefore ro- 
tate the plate 30 about the optical axis Z while main- 
taining the slanted angle 0. Thus rotating the rotation- 
al stand 40 about the optical axis Z successively lo- 
cates the plate 30 at a plurality of predetermined ro- 
tational positions where the slanted plate 30 faces in 
directions corresponding to the predetermined rota- 
tional positions. The plate 30 located on each of the 
predetermined rotational positions receives and re- 
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fracts light from the lens 20 in the corresponding di- 
rection. Thus refracted light is imaged on the image 
receiving surface 9 of the image sensor 10 at a pos- 
ition that is shifted from an original position where the 
incident light is imaged if the plate 30 is not provided 5 
or the plate 30 is provided normal to the optical axis 
Z. The shift amount A is determined dependency on 
the slanted angle 9 of the plate 30, and the shift di- 
rection is determined dependently on the correspond- 
ing rotational position of the plate 30. 10 

In accordance with the rotational movement of 
the plate 30, the incident light imaged position suc- 
cessively shifts or moves along the image receiving 
surface 9 of the image sensor 10. Respective light 
portions originally imaged on the gap areas between 15 
neighboring light pick up elements successively enter 
the light pick up elements. The image sensor 10 
therefore picks up those image portions that are orig- 
inally imaged on the gap areas and therefore that may 
not be picked up by the image sensor 1 0 if the plate 20 
30 is not provided or provided normal to the optical 
axis Z. Picking up an incident image every time when 
its imaged position shifts and composing thus ob- 
tained plural images by the composing device 70 can 
pick up any desired image with high quality, that is, 25 
with little areas of image portions that are imaged on 
the gap areas and therefore that are not picked up. 

The structure of the solid-state image pick up de- 
vice 1 of this embodiment will be described in more 
detail below. 30 

As shown in Figs. 4A and 4B, now assume that 
the image sensor 10 has nine light pick up elements 
11 through 19 arranged with an interval L both in the 
X direction (horizontal direction) and the Y direction 
(vertical direction) of the X-Y plane. Each light pick up 35 
element has a square shape with its side length of 
L/2, for example. It is therefore apparent that the cen- 
ters of the light pick up elements 11 through 19 are 
two-dimensionally arranged with the interval L 

The converging lens 20 operates to form an arbi- ao 
trary optical image on the image-receiving surface 9 
of the image sensor 10. Now assume that the optical 
image consists of sixteen image portions or picture 
elements a through p arranged both vertically and 
horizontally as shown in Figs. 5A and 5B. The con- 45 
verging lens 20 images, on the image-receiving sur- 
face 9, the optical image with its picture elements a 
through p being arranged with an interval L/2 both in 
the X and Y directions. Each of the image portions a 
- p is of a square shape with its side length of L/2, foT so 
example. The picture elements a through p are posi- 
tioned substantially at the gap areas beTween the 
neighboring light pick up elements 11-19. The cen- 
ters of the image portions a - p are located equidistant 
from the centers of their neighboring light-receiving 55 
pick up elements 11 - 19. In this embodiment the pla- 
nar plate 30 mounted on the rotatable stand 40 can 
shift all the image portions a - p into their neighboring 



light-pick up elements to thereby enable the image 
sensor 10 to pick up all the image portions, as will be 
described below. 

When the transparent planar glass plate 30 is not 
provided or is provided normal to the optical axis Z, 
the sixteen picture elements a through p are imaged 
on the image receiving surface 9 to be arranged with 
the interval L/2 with their centers being located on the 
vertices of the square-shaped light pick up elements 
11*19. Because the picture elements a - p are thus 
located substantially at the gap areas between the 
neighboring light pick up elements 11 - 19, the light 
pick up elements 11-19 may not properly pick up the 
respective picture elements a - p. 

In order to enable the light pick up elements 11 - 
19 to properly pick up the respective picture ele- 
ments a to p, the picture elements a through p should 
be shifted to match their centers with the centers of 
their neighboring light pick up elements 11-19. The 
distance between the centers of all the picture ele- 
ments and the centers of their neighboring light pick 
up elements has the same value A defined by the fol- 
lowing equation (1): 

A = V(^7^7 =^ (D 

Accordingly, the picture elements a - p should be 
shifted by this shift amount A. According to the pres- 
ent invention, the glass plate 30 is provided in order 
to shift each picture element by the desired shift 
amount A. In order to obtain the desired shift amount 
A, the glass plate 30 should be slanted by a slanted 
angle 6 with respect to the optical axis Z of the lens 
20. In other words, a line L extending normal to the 
planar plate 30 (which will be referred as a "normal 
line N," hereinafter) should be slanted by the slanted 
angle 6 corresponding to the shift amount a, as will 
be described in detail below. 

As shown in Fig. 12, when a light ray is incident 
on the plate 30 which is slanted by the slanted angle 
8 with respect to the optical axis Z, the light ray is re- 
fracted by the plate. As a result, a position at which 
the light ray outputs from the plate is shifted from the 
position at which the light ray enters the plate by the 
shift amount A satisfying the following equation (2): 

A = dsinQ ( 1 - ■ 0039 ) (2) 
Vn 2 - sin*e 

where d and n are thickness and refractive in- 
dex of the glass plate 30. It is noted that the incident 
angle 6 by which the light ray is incident on the glass 
plate 30 is equal to the slanted angle 9 at which the 
normal tine N is slanted with respect to the optical axis 
Z. 

It is therefore apparent that in the present exam- 
ple, the glass plate 30 should be slanted, with the 
slanted angle 9 satisfying the following equation (3): 

^■*W(1- , C0S9 ) (3) 
4 Vo 2 - sin 2 0 
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It is further noted that as apparent from Figs. 5A 
and 5B, in order to match the center of each picture 
element (a - p) with the center of its neighboring light 
pick up element (11 - 19), it is necessary to shift the 
picture element by the shift amount A = L/4 in s 
either one of four different directions I, II, III and IV 
which are ail shifted from the X axis (horizontal direc- 
tion) by 45 degrees (= arc tan {(L/2) / (L/2)}). The first 
direction I directs upwardly and leftwardly, the sec- 
ond direction II directs upwardly and rightwardly, the 10 
third direction III directs downwardly and rightwardly, 
and the fourth direction IV directs downwardly and 
leftwardly. The plate 30 should therefore be rotated 
about the optical axis 2 with the slanted angle 9 being 
fixed so as to be located in four rotational positions to 1 s 
refract an incident light ray in the four directions I - IV, 
respectively. 

Now, a directional plane P is defined for the plate 
30 as a plane along which the plate 30 refracts an in- 
cident light ray. This directional plane P is defined as 20 
a plane normal to the plate 30 and along which the 
normal line N and the optical axis 2 both extend. Light 
ray travels along the optical axis 2 and is incident on 
the plate 30. The light ray is refracted by the plate 30 
to travel along this directional plane P. When the plate 25 
30 rotates about the optical axis 2 with its normal line 
N fixedly slanted with respect to the optical axis 2, the 
directional plane P also rotates about the optical axis 

It is therefore apparent that successively Seating 30 
the plate 30 at four rotational positions (I) - !V ; which 
cause the directional plane P to extend alon - the four 
directions I - IV allows the plate 30 to refract the inci- 
dent light ray in the directions I - IV and shift the pic- 
ture elements in the directions I - IV. Thus, rotating 35 
the plate 30 about the optical axis 2 to successively 
locate it in the four rotational positions (I) - (IV) while 
maintaining the slanted angle 0 to be fixed to the val- 
ue satisfying the equation (3) causes the plate 30 to 
shift the respective picture elements a to p to reach 40 
the centers of their neighboring light pick up'elemerits 
11-19. 

In order to rotate the glass plate 30 about the opt- 
ical axis 2 while maintaining the slanted angle 9 to be 
fixed to the value satisfying the equation (3), the pres- 45 
ent embodiment fixedly mounts the plate 30 in the ro- 
tational stand 40 in such a state that the plate 30 is 
slanted with respect to the optical axis Z by the slant- 
ed angle 9. The rotational stand 40 has a ring-shaped 
gear 41, at its outer peripheral surface, which is en- so 
gaged with a gear provided to the motor 50. Driving 
the stepper motor 50 therefore causes the rotational 
stand 40 to rotate about the optical axis 2, which in 
turn rotates the planar plate 30 while maintaining the 
slanted angle 0. ^ 

Figs. 6A and 6B show the state that the stepper 
motor 50 rotates the rotational stand 40 to locate the 
plate 30 in the first rotational position (I) which causes 



the directional plane P to extend along the first direc- 
tion I. The plate 30 in this state refracts the incident 
light ray in the first direction I with the shift amount A. 
As a result, all the picture elements a to p of the opt- 
ical image are shifted by the shift amount A in the first 
direction I. The picture elements a, c, i and k enter the 
light pick up elements 11, 12, 14 and *15 to~be picked 
up thereby. 

Figs. 7A and 7B show the state that the stepper 
motor 50 rotates the rotational stand 40 to locate the 
plate 30 in the second rotational position (II) which 
cause the directional plane P to extend along the sec- 
ond direction II. The plate 30 in this state refracts the 
incident light ray in the second direction II with the 
shift amount A. As a result, all the picture elements a 
to p are shifted by the shift amount A in the second 
direction II. The picture elements b, d, j and I enter the 
light pick up elements 12, 13, 15 and 16 to be picked 
up thereby. 

Figs. 8A and 8B show the state that the stepper 
motor 50 rotates the rotational stand 40 to locate the 
planar plate 30 in the third rotational position (III) 
which causes the directional plane P to extend along 
the third direction III. The planar plate 30 refracts the 
incident light ray in the third direction III with the shift 
amount A. As a result, all the picture elements a to p 
are shifted by the shift amount A in the third direction 
III. The picture elements f, h, n and p enter the light 
pick up elements 15, 16/18 and 19 to be picked up 
thereby. 

Figs. 9A and 9B show the state that the stepper 
motor 50 rotates the rotational stand 40 to locate the 
planar plate 30 in the fourth rotational position (IV) 
which causes the directional plane P to extend along 
the fourth direction IV. The plate 30 refracts the inci- 
dent light ray in the fourth direction IV with the shift 
amount A. As a result, all the picture elements a to p 
. are shifted by the shift amount A in the fourth direct 
tion IV. The picture elements e, g, m and o enter the 
light pick up elements 14. 15, 17 and 18 to be picked 
up thereby. 

According to the present embodiment, the step- 
per motor 50 rotates the rotational stand 40 in a dock- 
wise direction to successively locate the planar plate 
30 into the four rotational positions (I) - (IV) as shown 
in Figs. 10A- 10D. which cause the directional plane 
P to extend along the four directions I - IV. It is noted 
that the four directions I - IV are all shifted from the 
horizontal direction (X direction) by the shift angle <f> 
defined by the following equation (4) : 

♦ = arc tan (L/L) = 45 degrees (4). 

Accordingly, the stepper motor 50 initially locates 
the rotational stand 40 so that the planar plate 30 is 
located at the first rotational position (I) with the direc- 
tional plane P being shifted by 45 degrees from the 
horizontal direction upwardly and leftwardly, as 
shown in Fig. 10A. Then, the stepper motor 50 repeat- 
edly rotates the rotational stand 40 by the rotation 
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amount of 90 degrees in a clockwise direction. As a 
result the planar plate 30 is successively located in 
the rotational positions (II) - (IV) where the directional 
plane P is shifted by 45 degrees from the horizontal 
direction, upwardly and rightwardly (Fig. 10B). down- 
wardly and rightwardly (Fig. 10C), and downwardly 
and leftwardly (Fig. 10D), respectively. 

According to the present embodiment, the control 
device 80 controls the above-described driving oper- 
ation of the stepper motor 50. The control device 60 
further controls the image sensor 1 0 to pick up the in- 
cident light image every time when the rotational 
stand 40 rotates by 90 degrees. More specifically, the 
control device 80 controls the image sensor 1 0 to pick 
up a first image 101 shown in Fig. 6Aatthe initial time 
when the stepper motor 50 locates the planar plate 30 
in the first rotational position (I). Then, the control de- 
vice 80 controls the image sensor 10 to pick up sec- 
ond through fourth images 102, 103 and 104 shown 
in Figs. 7A- 9A at the time when the stepper motor 
50 locates the planar plate 30 in the second through 
fourth rotational positions (II) - (IV). Accordingly, 
when the rotational stand 40 rotates completely by 
360 degrees, the image sensor 10 has picked up the 
four images 101 - 104 which are shifted horizontally 
and vertically by the shift amount (L/2) that is equal 
to a half of the interval L between the neighboring light 
pick up elements of the image sensor. 

When receiving each of the four optical images 
1 01 - 104, the image sensor 1 0 photoelectrically con- 
verts the optical image into electrical signals (image 
data). The image sensor 10 supplies the electrical 
signals to the memory device 60 where the electrical 
signals are temporarily stored. When the image data 
for the four images 101 - 104 are all supplied to the 
memory device 60, the control device 80 instructs the 
memory device to feed all the image data to the com- 
posing device 70. The composing device 70 calcu- 
lates the image data for the four images 101 - 104 so 
as to compose or synthesize the four images into a fi- 
nal composite image 105, as shown in Fig. 11. The 
composing device then outputs image data (electrical 
signals) representative of the thus obtained final com- 
posite image. It is noted that in order to compose the 
four images 101-104, the images 101 - 104 are lo- 
cated on every other picture elements of a final im- 
age 105 to be obtained. Each of the four images 101 
- 104 has the picture elements arranged with an in- 
terval L equal to the interval with which the light pick 
up elements of the image sensor 1 0 are arranged. Ac- 
cordingly, thus locating the images 101 - 104 on ev- 
ery other picture element of the final image 1 05 caus- 
es the final image 105 to have their picture elements 
arranged with an interval of L/2 that is a half of the in- 
terval L of the images 101 - 104, i.e., the interval with 
which the light pick up elements 11 - 19 are arranged 
on the image sensor 10. 

It is noted that while the plate 30 is rotated by 360 



degrees to be located in the four rotational positions 
(I) - (IV), the single light pick up element 15 succes- 
sively picks up the four picture elements k. j, f and g, 
as shown in Figs. 6B - 9B. Thus, according to the 

5 present embodiment, each single light pick up ele- 
ment can pick up four picture elements at maximum. 
Accordingly, the solid-state image pick up device 1 of 
this embodiment can pick up an image composed of 
picture elements with the number of four times larger 

w than the number of light pick up elements constituting 
the image sensor 10. In other words, as described 
above, the solid-state image pick up device can ob- 
tain a final image 105 which has picture elements ar- 
ranged vertically and horizontally at interval of L/2 

75 that is a half of the interval with which the light pick 
up elements 11-19 are arranged vertically and hor- 
izontally on the image sensor 10. 

The operation of the above-constructed solid- 
state image pick up device 1 of the embodiment will 

20 be described below with reference to the schematic 
views of Figs. 6 through 11. 

A light source (not shown) continuously emits the 
optical image consisting of the picture elements a 
through p, so that the lens 20 continuously forms the 

25 optical image on the image sensor 10. The control de- 
vice 80 starts driving the stepper motor 50 to rotate 
the rotational stand 40. The control device 80 stops 
driving the stepper motor 50 when the planar plate 30 
reaches the first rotational position (I) shown in Fig. 

30 6A and 10A. Simultaneously, the control device 80 
controls the image sensor 10 to convert the received 
optical image into electrical signals. Because the four 
light pick up elements 11, 12, 14 and 15 pick up the 
picture elements "a", "c", V and V, respectively, the 

35 image sensor 10 outputs image data representative 
of the image 101 to the memory device 60. The mem- 
ory device 60 temporarily stores the image data. 

Then, the control device 80 again starts driving 
the stepper motor 50 to rotate the rotational stand 40 

40 in the clockwise direction. The control device 80 stops 
driving the stepper motor 50 when the rotational stand 
40 rotates by 90 degrees to locate the planar plate 30 
in the second rotational position (II) shown in Figs. 7A 
and 10B. Simultaneously, the control device 80 con- 

45 trots the image sensor 1 0 to convert the received opt- 
ical image into electrical signals. Because the four 
light pick up elements 12, 13, 15 and 16 pick up the 
picture elements "b M , "d", "j" and T, respectively, the 
image sensor 10 outputs image data representative 

so of the image 102 to the memory device 60. The mem- 
ory device 60 temporarily stores the image data. 

Then, the control device 80 again starts driving 
the stepper motor 50 to rotate the rotational stand 40 
in the clockwise direction. The control device 80 stops 

55 driving the stepper motor 50 when the rotational stand 
40 rotates by 90 degrees to locate the planar plate 30 
in the third rotational position (III) shown in Figs. 8A 
and 10C. Simultaneously, the control device 80 con- 
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trols the image sensor 1 0 to convert the received opt- 
ical image into electrical signals. Because the four 
light pick up elements 15. 16. 18 and 19 pick up the 
picture elements T, "h". "n" and "p". respectively, the 
image sensor 1 0 outputs image data representative s 
of the image 103 to the memory device 60. The mem- 
ory device 60 temporarily stores the image data. 

Then, the control device 80 starts driving the 
stepper motor 50 to further rotate the rotational stand 
40 in the clockwise direction. The control device 80 io 
stops driving the stepper motor 50 when the rotational 
stand 40 rotates by 90 degrees to locate the planar 
plate 30 in the fourth rotational position (IV) shown in 
Figs. 9Aand 100. Simultaneously, the control device 
80 controls the image sensor 10 to convert the re- is 
cerved optical image into electrical signals. Because 
the four light pick up elements 14, 15. 17 and 18 pick 
up the picture elements *e". "g". - m " and "o". respec- 
tively, the image sensor 10 outputs image data rep- 
resentative of the image 1 04 to the memory device 20 
60. The memory device 60 temporarily stores the im- 
age data. 

When the image data for the four images 101 
through 104 are all stored in the memory device 60 
the control device 80 instructs the memory device 60 25 
to transfer the image data for all the images 101 
through 104 to the composing device 70. As shown in 
Fig. 11. the composing device 70 locates the images 
1 01 - 104 on every other picture elements of the final 
image 105 so as to produce the final image 105. 30 

It is noted that in the above-described embodi- 
ment, each of the light pick up elements 11 - 19 is of 
a square shape with its side length of L/2. However 
the side length may be freely selected in a range 
shorter than L Additionally, the shapes of the light as 
Pick up elements 11 - 19 may not be limited to the 
square shapes. The light pick up elements may be of 
various shapes. 

A modification of the embodiment is described 
below with reference to Fig. 13. w 

The image sensor 10 employed in the above- 
described embodiment has the plurality of light pick 
up elements arranged with the same interval Lin the 
vertical direction and in the horizontal direction. How- 
ever, it is possible to employ image sensors 1 0 with 45 
then- light pick up elements being arranged in various 
manners. For example, it is possible to employ such 
an image sensor as has the light pick up elements 11 
- 19 arranged by different intervals L1 and L2 in the 
horizontal and vertical directions as shown in Fig. 1 3 so 
Each of the light pick up elements 11 - 19 has a rec- 
tangular shape with its side lengths being L1/2 and 
j-2/2, for example. As will be described below, the sol- 
id-state image pick up device employed with this type 
of image sensor 1 0 can pick up picture elements a - 55 
P imaged by the lens 20, as shown in Fig. 13. That"is 
the lens 20 images the optical image so that the pic- 
ture elements are arranged with different intervals 



L1/2 and L2/2 in the horizontal and vertical directions 
respectively. The converging lens 20 images the opt- 
ical image to be located relative to the light pick up 
elements as shown in Fig. 13 when the plate 30 is not 
provided or is provided normal to the optical axis 2 
More specifically, the converging lens 20 images the 
optical image with its picture elements being located 
at positions which are equidistant from their neighbor- 
ing light pick up elements by the distance A satisfying 
the following equation (5) : 

A=V(^)2 + (^)2 (5) 

In order to shift the picture elements a to p to the 
centers of their neighboring light pick up elements 
and cause the image sensor to pick up the picture ele- 
ments. The glass plate 30 should be mounted in the 
rotational stand 40 to be slanted by the slanted angle 
8 sa tisfying the fo llowing equation (6) : 

1fy + <%*~*k*V- ■■«* ) (6) 
. w - sin 2 © 

The plate 30 should be rotated to be located in 
four rotational positions which cause the directional 
plane P to extend along four directions which are 
slanted from the horizontal direction (X direction) by 
the same angle 4 satisfying the following equation 

4> = arc tan { (L2/2) / (L1/2) } (7). 
The four directions are slanted, by the angle <f> 
from the horizontal direction, in an upward-and-left- 
ward direction, an upward-and-rightward direction a 
downward-and-rightward direction and a downward- 
and-leftward direction, respectively, similarly to the 
directions I - IV in the above-described embodiment 
Accordingly, the stepper motor 50 should be driven to 
rotate the rotational stand 40 to successively locate 
the glass plate 30 in the four rotational positions. Con- 
trolling the image sensor 1 0 to pick up four images ob- 
. tained by the planar plate 30 located in the four rota- 
tional positions causes each light pick up element to 
pick up four different picture elements at maximum, 
in the same manner as in the above-described en> 
bodiment 

It is noted that in this modification, the shapes of 
the light pick up elements may not be particularly lim- 
ited to the rectangular shapes. The light pick up ele- 
ments may be of square shapes or other various 
shapes. 

As apparent from the above description, accord- 
ing to the present invention, the planar plate 30 fixed- 
ly slanted by the slanted angle 9 with respect to the 
optical axis Z can shift any image portions formed on 
the image sensor 10 by a distance A determined by 
the slanted angle G by the equation (2). Rotating the 
planar plate 30 about the optical axis Z to cause its 
directional plane P to extend along an arbitrary direc- 
tion can shift the picture elements in the arbitrary di- 
rection. Accordingly, it is possible to cause the image 
sensor 10 to pick up any image portions that are im- 



15 



EP 0 627 848 A1 



16 



aged by the converging lens 20 on the image sensor 
1 0 at positions equidistant from their neighboring light 
pick up elements in any direction. 

In the above description, the plate 30 is succes- 
sively located in the four rotational positions. Accord- 
ingly, each light pick up element can successively 
pick up the four different image portions which are 
equidistant from the corresponding light pick up ele- 
ment However, if the plate 30 is located in more than 
four rotational positions, each light pick up element 
can pick up the corresponding number of image por- 
tions that are equidistant from the corresponding light 
pick up element More specifically, in the above* 
described embodiment employed with the image sen- 
sor of Fig. 4, the image sensor 10 achieves its image 
pick up operation every time when the glass plate 30 
rotates by 90 degrees. Accordingly, while the plate ro- 
tates by one turn, i.e., by 360 degrees, each light pick 
up element can pick up the four image portions that 
are equidistant from the corresponding light pick up 
element but are shifted by 90 degrees from one an- 
other. However, the image sensor 10 may achieve its 
image pick up operation every time when the glass 
plate 30 rotates by 45 degrees, for example. In this 
case, while the plate rotates by one turn (360 de- 
grees), each light pick up element can pick up eight 
image portions that are equidistant from the corre- 
sponding light pick up element but are shifted by 45 
degrees from one another. 

A further modification of the solid-state image 
pick device of this embodiment will be described be- 
low with reference to Fig. 14. 

According to this modification, the image sensor 
10 is replaced with a combination of a RGB separat- 
ing prism 110 and three image sensors 111 through 
113 for picking up R, G and B color-component light 
images separated by the prism 110. The incident light 
refracted by the planar glass plate 30 enters the RGB 
separation prism 110 where the light is separated into 
red, green and blue color-component lights. These 
color-component lights are incident on the image sen- 
sors 111 - 113, respectively. Thus, the image sensors 
111 - 113 pick up, in combination, a color image. Pick- 
ing up a plurality of color images while rotating the ro- 
tational stand 40 and composing the obtained plural- 
ity of color images can obtain a high quality color im- 
age. 

The solid-state image pick up device may also be 
modified as shown in Fig. 15. In this modification, the 
planar glass plate 30 of the embodiment of Fig. 2 is 
replaced with another planar glass plate 31 having a 
wider area than that of the glass plate 30. The planar 
glass plate 31 is directly rotated by the stepper motor 
50. Accordingly, the rotational stand 40 can be omit- 
ted. The stepper motor 50 is provided with a rotational 
shaft 51 rotatable about its rotational axis R. The 
stepper motor 50 is located with the rotational axis R 
extending parallel to the optical axis Z of the converg- 



ing lens 20. The planar glass plate 31 is slantedfy 
mounted to the rotational axis R of the stepper motor 
50 with the slanted angle 9 satisfying the equation (3). 
Similarly to the above-described embodiment in 

5 this modi f ication, the stepper motor 50 should be driv- 
en to rotate the planar glass plate 31 to locate it in the 
four rotational positions (I) - (IV) with its directional 
plane P extending along the four directions I - IV. As 
a result, the image portions imaged on the image sen- 

10 sor 1 0 shift as shown in Figs. 6A - 9A. Thus, the pres- 
ent modification obtains the similar effects as ob- 
tained by the embodiment. 

While the invention has been described in detail 
with reference to a specific embodiment thereof, it 

is would be apparent to those skilled in the art that va- 
rious changes and modifications may be made there- 
in without departing from the spirit of the invention. 

For example, in the above-described embodi- 
ment, images are picked up every time when the ro- 

20 tational stand 40 is rotated by 90 degrees. It is unnec- 
essary to stop rotating the rotational stand 40 while 
images are being picked up. Images may be picked 
up while the stand is rotating. 

The rotational stand 40 may be rotated continu- 

25 ously at a fixed rate so as to cause the image formed 
on the image receiving surface 9 to drift or wander 
therealong. Generally, Moire patterns are liable to 
generate when an image with its picture elements be- 
ing highly accurately arranged with a predetermined 

30 interval is picked up by a plurality of light pick up ele- 
ments which are also highly accurately arranged with 
a different interval. However, in this modification, 
causing the picture elements of the image to achieve 
the drifting or wandering motion with a speed not syn- 

35 chronized with the pick up speed of the image sensor 
can deteriorate the accuracy by which the picture ele- 
ments are arranged, thereby preventing the Moire 
. pattern from generating. 

In the above-described embodiment the plurality 

40 of images picked up while the rotational stand 40 is 
rotated are temporarily stored in the memory device 
60 before being transferred to and composed by the 
composing device 70. However, the memory device 
60 may be omitted. The image sensor 1 0 may transfer 

45 the images directly to the composing device 70. The 
composing device 70 may compose thus transferred 
images one by one. 

The motor 50 is not limited to a stepper motor. Any 
kinds of motor may be applicable to the motor 50. 

so As described above, the solid-state image pick 

up device of the present invention can obtain an effect 
that is equivalent to increase the number of tight pick 
up elements employed in the image sensor. 

The slanted angle 6 of the planar plate with re- 

55 spect to the optical axis of the optical system is un- 
changed when the planar plate rotates. Accordingly, 
it is possible to prevent lowering of the quality of the 
image picked up by the image sensor. 
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It is easily possible to accurately adjust the slant- 
ed angle 0 of the planar plate. Adjusting the slanted 
angle G to have a very small angle makes small the 
refraction angle, at which the glass plate 30 refracts 
the incident light It therefore becomes possible to 5 
make small the shift amount of the position at which 
the refracted incident light images shifts on the im- 
age sensor, which results in further increase in the 
quality of the image picked up by the image sensor. 

The drive means for rotating the planar plate may 10 
be constructed from only a single motor. The device 
thus employed with the single motor is smaller rela- 
tive to the conventional device necessarily provided 
with the two motors. 

As apparent from the above, the present inven- 15 
tion can accurately shift images in space with a sim- 
ple structure and with a low cost. 



Claims 
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1 . A solid-state image pick up device for picking up 
an optical image, comprising: 

an image sensor having an image receiv- 
ing surface; 25 

an optical system for imaging an incident 
light, which bears thereon an optical image, on 
the image receiving surface of the image sensor; 

a transparent planar plate provided with 
two opposite planar surfaces parallel to each 30 
other, the transparent planar plate being located 
in front of the image receiving surface of the im- 
age sensor and slanted with respect to an optical 
axis of the optical system by a predetermined 
slanted angle for refracting the incident light from 35 
the optical system; 

drive means for rotating the planar plate 
about one of the optical axis and an axis parallel 
to the optical axis by a predetermined rotational 
angle while maintaining the predetermined slant- ao 
ed angle; and 

composing means for composing, into a fi- 
nal composite image, a plurality of optical images 
each being picked up by the image sensor every 
time when the drive means rotates the planar 45 
plate by the predetermined rotational angle. 

2. A solid-state image pick up device as claimed in 
claim 1, 

wherein the drive means rotates the planar so 
plate about the optical axis to successively locate 
the planar plate at a plurality of rotational posi- 
tions, and 

wherein the image sensor picks up the plu- 
ral optical images formed at the time when the 55 
planar plate is located at the plurality of rotational 
positions. 



A = dsinQ (1 - ■ 



-) 



3. A solid-state image pick up device as claimed in 
claim 2. 

wherein the image receiving surface of the 
image sensor is located normal to the optical axis 
and has a plurality of light pick up elements ar- 
ranged thereon, and 

wherein the planar plate is slanted with re- 
spect to the optical axis to form the predeter- 
mined slanted angle G defined between the opti- 
cal axis and a normal line normal to the planar 
plate satisfying the equation 

cos8 j 

where d and n are thickness between the 
opposite surfaces and refractive index of the pla- 
nar plate, to thereby cause a plurality of image 
portions constituting the optical image formed on 
the image receiving surface that are originally lo- 
cated equidistant from each of the plurality of 
light pick up elements with a distance A to enter 
the corresponding light pick up element to be 
picked up thereby. 

4. A solid-state image pick up device as claimed in 
claim 3, wherein the drive means rotates the pla- 
nar plate while maintaining the predetermined 
slanted angle G to successively locate the planar 
plate in the plurality of rotational positions where 
a directional plane of the planar plate, along 
which the normal line and the optical axis both ex- 
tend, extends in a plurality of directions corre- 
sponding to the rotational positions, to thereby 
successively cause a plurality of image portions 
constituting the optical image formed on the im- 
age receiving surface that are originally located 
equidistant from each of the plurality of light pick 
up elements with the distance A in the plurality of 
- directions to shift and enter the corresponding 
light pick up element to be picked up thereby. 

5. A solid-state image pick up device as claimed in 
claim 2, wherein the drive means includes: 

a rotational stand, mounted rotatably 
about its rotational axis extending along the opt- 
ical axis of the optical system, for fixedly mount- 
ing therein the planar plate such that the planar 
plate is slanted with respect to the optical axis by 
the predetermined slanted angle; and 

a motor for rotating the rotational stand 
about the rotational axis. 

6. A solid-state image pick up device as claimed in 
claim 2, wherein the drive means includes a mo- 
tor for rotating its rotational shaft about its rota- 
tional axis extending parallel to the optical axis, 
the planar plate being fixedly mounted on the ro- 
tational shaft so that the planar plate is slanted 



■in 



19 



EP 0 627 848 A1 



20 



with respect to the rotational shaft by the preder 
termined slanted angle. 

7. A solid-state image pick up. device as claimed in 
claim 2. wherein the image sensor includes: 

a color-separation member for separating 
the incident light from the optical system into 
three color component light rays; and 

three image sensor portions for respec- 
tively receiving the three color light rays obtained 
by the color-separation prism. 

8. A solid-state image pick up device as claimed in 
claim 2. wherein the composing means includes: 

control means for controlling the image 
sensor to pick up the optical image formed on the 
image receiving surface every time when the 
drive means locates the planar plate at each of 
the plurality of rotational positions and to photo- 
electrical^ convert the picked up plurality of opt- 
ical images into electrical data; and 

calculation means for calculating the elec- 
trical data for the plurality of optical images into 
resultant electrical data representative of the fi- 
nal composite image. 

9. A solid-state image pick up device as claimed in 
claim 8, wherein the drive means successively ro- 
tates the planar plate by the predetermined rota- 
tional angle of 90 degrees to thereby locate the 
planar plate in four rotational positions while ro- 
tating it by 360 degrees, and wherein four images 
obtained while the planar plate is rotated by 360 
degrees are composed by the calculation means 
into the final composite image. 

10. A solid-state image pick up device as claimed in 
claim 9 t 

wherein the image receiving surface of the 
image sensor is located normal to the optical axis 
arid has a plurality of light pick up elements which 
are two-dimensionally arranged with an interval 
U and 

wherein the slanted angle of the planar 
plate is determined so as to refract the incident 
light by a shift amount of 2< 1/2 > L/4, the planar 
plate rotated by 360 degrees by the drive means 
successively shifting, toward each light pick up 
. element, four image portions that are originally 
formed by the optical system on the image receiv- 
ing surface at four positions which are equidistant 
from the corresponding light pick up element with 
a distance of 2< 1/2 > L/4 in four directions shifted 
from one another by 90 degrees about the corre- 
sponding light pick up element 

11. A solid-state image pick up device as claimed in 
claim 10, wherein the control means controls the 



image sensor to pick up each of the four image 
portions that is received by the corresponding 
light pick up element when the drive means lo- 
cates the planar plate at a corresponding one of 

5 the four rotational positions and to photoelectri- 

calty convert the each one of the four image por- 
tions into electrical data; and 

wherein the calculation means calculates 
the electrical data for the four image portions into 

10 resultant electrical data representative of the fi- 

nal composite image having the four image por- 
tions arranged to construct four neighboring pic- 
ture elements of the final composite image. 

is 12. A solid-state image pick up device as claimed in 
claim 8, wherein the composing means further in- 
cludes storing means for receiving the electrical 
data from the image sensor, temporarily storing 
the electrical data until when the planar plate is 

20 located at all of the plurality of rotational posi- 

tions, and for supplying the control means with 
the electrical data for all of the plurality of optical 
images obtained by the planar plate located at all 
of the plurality of rotational positions. 

25 

13. A solid-state image pick up device, for picking up 
an optical image, comprising: 

an image sensor having an image receiv- 
ing surface, on which a plurality of light pick up 
30 elements are arranged with a predetermined in- 

terval; 

, an optical system having an optical axis for 
introducing therealong a light beam bearing an 
optical image thereon to the image receiving sur- 

35 face of the image sensor, the optical system form- 

ing the optical image on the image receiving sur- 
face in such a state that a plurality of picture ele- 
ments constituting the optical image are ar- 
ranged to be located equidistant from at least one 

40 of the plurality of light pick up elements with a pre- 
determined distance in a plurality of predeter- 
mined directions; 

a transparent planar plate having two op- 
. posite planar surfaces parallel with each other, 

45 the transparent planar plate being located be- 
tween the optical system and the image sensor 
for receiving the light beam from the optical sys- 
tem and guiding the light beam to the image sen- 
sor, the transparent planar plate being slanted 

so with respect to the optical axis by a slanted angle 
determined dependency on the predetermined 
distance so as to refract the light beam to shift the 
picture elements formed on the image receiving 
surface by a shift amount equal to the predeter- 

55 mined distance; 

drive means for rotating the planar plate 
about one of the optical axis and an axis parallel 
to the optical axis while maintaining the slanted 
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angle to locate the planar plate in a plurality of ro- 
tational positions determined dependently on the 
plurality of predetermined directions, the planar 
plate located in each of the plurality of rotational 
positions refracting the light beam in a corre- 5 
sponding one of the predetermined directions by 
the predetermined shift amount to thereby cause 
the picture elements to enter the corresponding 
at least one light pick up element 

control means for controlling the image 10 
sensor to pick up the picture elements which are 
caused by the planar plate located in each of the 
plurality of rotational positions to enter the corre- 
sponding light pick up elements; and 

composing means for composing the pic- is 
ture elements picked up by the image sensor into 
a final composite image. 

14. A solid-state image pick up device as claimed in 
claim 13, wherein the optical system forms the 20 
optical image on the image receiving surface in 
such a state that the plurality of picture elements 
are located equidistant from the at least one light 
Pick up elements with the predetermined dis- 
tance A. and wherein the planar plate is slanted 25 
with respect to the optical axis to form the slanted 
angle 9 defined between the optical axis and a 
normal line normal to the two opposite surfaces 
of the planar plate satisfying the equation 

A = dsinQ (1 - , 0036 j 30 
w - sin 2 ^ 
where d and n are thickness and refractive 
index of the planar plate. 

1 5. A solid-state image pick up device as claimed in 35 
claim 14, wherein the drive means rotates the pla- 
nar plate to locate the planar plate in each of the 
plurality of rotational positions where a direction- 
al plane of the planar plate, along which the nor- 
mal line and the optical axis both extend, extends 40 
along a corresponding one of the plurality of di- 
rections. 



claim 16. wherein the drive means stops rotating 
the planar plate while the control means controls 
the image sensor to pick up the optical image 
formed on the image receiving surface. 

18. A solid-state image pick up device as claimed in 
claim 16, wherein the drive means continuously 
rotates the planar plate with a fixed rotational 
speed so that the planar plate may be succes- 
swely located at the plurality of rotational posi- 
tions. 

19. A solid-state image pick up device as claimed in 
claim 16, 

wherein the light pick up elements are ar- 
ranged on the image receiving surface with the 
predetermined different intervals L1 and L2 in 
first and second directions, respectively, 

wherein the optical system forms the opt- 
ical image so that the picture elements are ar- 
ranged with intervals L1/2 and L2/2 in the first 
and second directions, respectively, and a group 
of four picture elements are located around each 
light pick up element in such a manner that the 
four picture elements are positioned equidistant 
from the corresponding light pick up element by 
the distance A satisf ying the follow ing equation: 

A = V(^ + ( ^)2 

and that the four picture elements are apart from 
the corresponding light pick up element in four di- 
rections which are shifted from the first direction 
by an angle 4 satisfying the following equation- 
4> = arc tan { (L2/2) / (L1/2) }, 
wherein the planar plate is slanted with the 
slante d angle 9 sati sfying the following equation. 
V<^)2 + (^)2 * dsinQ (1 . cose } 
Vn 2 - sin^Q 



16. A solid-state image pick up device as claimed in 
daim 15, 4S 

wherein the drive means rotates the planar 
plate about one of the optical axis and the axis 
parallel to the optical axis to successively locate 
the planar plate in the plurality of rotational posi- 
tions, and 50 

wherein the control means controls the 
•mage sensor to pick up the optical image formed 
on the image receiving surface at the time when 
the planar plate is located in each of the plurality 
of rotational positions. 55 

17. A solid-state image pick up device as claimed in 



and wherein the drive means rotates the 
planar plate to locate it in four rotational positions 
where the directional plane extends along the 
four directions. 

20. A solid-state image pick up device as claimed in 
claim 16, 

wherein the light pick up elements are two- 
dimensionally arranged on the image receiving 
surface with the predetermined interval L. 

wherein the optical system forms the opt- 
ical image so that the p-ciure elements are two- 
dimensionaliy arrangec with an interval L/2 and 
a group of four picture elements are located 
around each light pick up element in such a man- 
ner that the four picture elements are positioned 
equidistant from the corresponding light pick up 
element by a distance 2« L/4 in four directions 
which are apart from one another by 90 degrees 
about the corresponding light pick up element 
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wherein the planar plate is slanted with the 
slanted angle 0 satisfying the following equation 

^■drtrtd- , cose ) 
4 W - sin29 

wherein the drive means rotates the planar 
plate to locate it in four rotational positions where 
the directional plane extends along the four direc- 
tions. 

21. A solid-state image pick up device as claimed in 
claim 20, wherein the composing means compos- 
es, into the final composite image, the picture 
elements picked up when the planar ptate is lo- 
cated in the four rotational positions, in such a 
manner that each picture element is located on 
every other picture element of a final composite 
image to be obtained. 

22. A solid-state image pick up device as claimed in 
claim 16, wherein the drive means includes: 

a rotational stand, mounted rotatably 
about its rotational axis extending along the opt- 
ical axis of the optical system, for fixedly mount- 
ing therein the planar plate such that the planar 
plate is slanted with respect to the optical axis; 
and 

a motor for rotating the rotational stand 
about the rotational axis. 

23. A solid-state image pick up device as claimed in 
daim 1 6, wherein the drive means includes a mo- 
tor for rotating its rotational shaft about its rota- 
tional axis extending parallel to the optical axis, 
the planar plate being fixedly mounted on the ro- 
tational shaft so that the planar plate is slanted 
with respect to the rotational shaft 



24. A solid-state image pick up device as claimed in 
claim 16, wherein the image sensor includes: 

a color-separation member for separating 
the incident light from the optical system into 
three color component light rays; and 

three image sensor portions for respec- 
tively receiving the three color component light 
rays obtained by the color-separation prism. 
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FIG. 10A 



FIG. 10B 



FIG. 10C 



FIG. 10D 
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sin 6 = n sin 6' 
A =^FSin(e-8') 

- a dn a (\ _ cos g sin 6' \ 
~ d s,n 0 V 1 cos e' sine) 

„ • „/C cos g \ 
= d sm 6[\ — , — ) 

V Vn 2 - sin 2 gy 
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FIG. 14 
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